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Experimental 

Crystal data 

[Cu(C 14 H 12 N 2 ) 2 ] 2 [Fe(CN) 5 (NO)] 

M, = 1176.06 

Triclinic, PI 

a = 7.371 (3) A 

b = 13.741 (3) A 

c = 15.065 (4) A 

a = 115.269 (4)° 

/3 = 95.327 (3)° 



2 I — 



y = 101.323 (4)° 
V = 1325.9 (7) A 3 
Z= 1 

Mo Ka radiation 
fj, = 1.12 mm -1 
T = 293 K 

0.50 x 0.40 x 0.20 mm 



Key indicators: single-crystal X-ray study; T = 293 K; mean tr(C-C) = 0.006 A; 
disorder in main residue; R factor = 0.050; wR factor = 0.109; data-to-parameter 
ratio = 13.6. 



The asymmetric unit of the title complex [Cu(C 14 H 12 N2)2]2- 
[Fe(CN) 5 (NO)], consists of a [Cu(dmp) 2 ] + cation (dmp is 2,9- 
dimethyl-l,10-phenanthroline) and half an [Fe(CN) 5 (NO)] 2 ~ 
anion. The anion is disordered across an inversion center with 
the Fe 11 ion slightly offset (ca 0.205A) from the inversion 
center in the direction of the disordered /rans-coordinating 
CN/NO ligands. The anion has a distorted octahedral 
coordination geometry. The Cu 1 ion is coordinated by two 
phenanthroline ligands in a distorted tetrahedral geometry. 
The dihedral angle between the phenanthroline ligands is 
77.16 (4) A. In the crystal, the cations are connected to the 
anions by weak C— H- ■ -N hydrogen bonds. In addition, weak 
7r-7T stacking interactions are observed, with centroid- 
centroid distances in the range 3.512 (3)-3.859 (3) A. 



Data collection 

Oxford Diffraction Xcalibur3 

diffractometer 
Absorption correction: numerical 

(CrysAlis PRO; Oxford 

Diffraction, 2010) 

T min = 0.604, r m;lx = 0.807 



Refinement 

R[F 2 > 2a(F 2 )] = 0.050 

wR(F 2 ) = 0.109 

5 = 0.93 

5112 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



8613 measured reflections 
5112 independent reflections 
3100 reflections with / > 2o(I) 
R iM = 0.048 



377 parameters 

H-atom parameters constrained 
Ap max = 0.38 e A~ 3 
Ap mi „ = -0.31 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C17-H17---N6 1 


0.93 


2.55 


3.393 (6) 


151 



Symmetry code: (i) — x + 2, — y -f 1, — z + 1. 



Related literature 

For background to the direct synthesis of coordination 
compounds, see: Kokozay & Vassilyeva (2002); Nesterova et 
al. (2008). For the direct synthesis of heterometallic Cu- 
containing complexes, see: Buvaylo et al. (2005); Nesterova et 
al. (2004, 2005); Pryma et al. (2003). For the application of 
anionic complexes in the preparation of heterometallic 
compounds, see: Nikitina et al. (2008, 2009). For the structures 
of related complexes, see: Blake et al. (1998); Chen et al. 
(2002); Morpurgo et al. (1984); Cuttell et al. (2002); King et al. 
(2005); Soria et al. (2002); Shevyakova et al. (2002); Peresyp- 
kina & Vostrikova (2012). 



Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); 
program(s) used to refine structure: SHELXTL; molecular graphics: 
SHELXTL; software used to prepare material for publication: 
publCIF (Westrip, 2010). 

This work was partly supported by the State Fund for 
Fundamental Researches of Ukraine (project 54.3/005). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5667). 
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Bis(2,9-dimethyl-1,10-phenanthroline)copper(l) pentacyanidonitrosoferrate(ll) 
Julia A. Rusanova, OlesiaV. Kozachuk, Valentyna V. Semenaka and Viktoriya V. Dyakonenko 

1. Comment 

The title compound was obtained as part of our research in the field of direct synthesis of coordination compounds 
(Buvaylo et al, 2005; Kokozay et al, 2002; Nikitina et al, 2008, 2009; Nesterova et al, 2004, 2005, 2008; Pryma et 
al. ,2003). Complexes of copper chelated with phenanthroline (in particular 2,9-dimethyl-l,10-phenanthroline) have 
attracted attention due to their longlived excited states and potential use in solar energy conversion (Blake et al, 1998; 
Chen et al, 2002; Morpurgo et al, 1984; Cuttell et al, 2002; King et al, 2005). 

In this paper we present a novel Cu/Fe heterometallic ionic complex [Cu(dmp) 2 ]2[Fe(CN) 5 NO] which consists of 
discrete [Cu(dmp) 2 ] + and [Fe(CN) 5 NO] 2 " ions (Fig. 1). The Cu 1 ion adopts a distorted tetrahedral environment by 
coordinating with four nitrogen atoms from two dmp ligands. The dihedral angle between the two dmp ligands (77.16 (4) 
A) as well as the range of Cu — N bond distances of 2.034 (3) - 2.079 (3) A is in good agreement with the previously 
reported values for analagous complexes (King et al, 2005 and references therein). The nitroprusside anion lies on an 
inversion centre and disordered over two positions so that iron atom occupies two very close positions (Fe— Fe distance is 
0.410 (15) A) corresponding to the coordination of two disordered CN and NO groups in the axial sites with very close 
positions. However, geometric parameters (average Fe — CN and Fe — NO bond distances of 1.96 A and 1.63 A 
respectively) are in a good agreement with literature values (Soria et al. (2002); Shevyakova et al. (2002); Peresypkina et 
al (2012). 

In the crystal, cations are connected to the anions by weak C — H— N hydrogen bonds. In addition weak k-k stacking 
interactions with centroid-centroid distances in the range 3.512 (3)-3.859 (3)° are observed (Fig. 2). 

2. Experimental 

Copper powder (0.04 g, 0.63 mmol), NH 4 Br (0.123 g, 1.25 mmol), Na 2 [Fe(CN) 5 (NO)] 2H 2 0 (0.188 g, 0.63 mmol) and 
dmp (0.262 g, 1.26 mmol) in DMF (30 ml) were heated to 333-343 K and stirred magnetically until total dissolution of 
copper was observed (2.5 h). Red needle-shaped crystals suitable for X-ray crystallography was isolated from the 
resulting dark-red solution with addition of 2-propanol and diethyl ether in a few days. The crystals (0.1 g, yield 30%) 
were filtered off, washed with dry methanol, and finally dried in vacuo at room temperature. 

3. Refinement 

All non-hydrogen atoms were refined isotropically. All hydrogen atoms were placed at calculated position and refined in 
a riding-model approximation. The symmetry realted Fe atoms are offset from an inversion centre by 0.214 A and were 
refined with multiplicity 0.5. Atoms of disordered CN and NO groups occupy close positions and also were refined with 
multiplicity 0.5. 
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Computing details 

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell refinement: Cry s Alls PRO (Oxford Diffraction, 2010); 
data reduction: CrysAlis PRO (Oxford Diffraction, 2010); program(s) used to solve structure: SHELXTL (Sheldrick, 
2008); program(s) used to refine structure: SHELXTL (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 
2008); software used to prepare material for publication: publCLF (Westrip, 2010). 



C11 




C11A 

Figure 1 

The molecular structure of the title compound with displacement ellipsoids drawn at the 30% probability level. 
Symmetry code (A); 2 -x,l-y,-z. The disorder is not shown. 




Figure 2 

Part of the crystal structure with weak hydrogen bonds shown as dashed lines. 



Acta Cryst. (2013). E69, m684-m685 



sup-2 



supplementary materials 



Bis(2,9-dimethyl-1,10-phenanthroline)copper(l) pentacyanidonitrosoferrate(ll) 



Crystal data 

[Cu(C 14 H 12 N 2 ) 2 ] 2 [Fe(CN) 5 (NO)] 

M r = 1176.06 

Triclinic, PI 

Hall symbol: -P 1 

a = 7.371 (3) A 

6 = 13.741 (3) A 

c= 15.065 (4) A 

a = 115.269 (4)° 

P= 95.327 (3)° 

y= 101.323 (4)° 

F= 1325.9 (7) A 3 

Data collection 

Oxford Diffraction Xcalibur3 

diffractometer 
Radiation source: Enhance (Mo) X-ray Source 
Graphite monochromator 
Detector resolution: 16.1827 pixels mm" 1 
co-scans 

Absorption correction: numerical 
(CrysAlis PRO; Oxford Diffraction, 2010) 



T mm = 0.604, T m 



0.807 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2(7(^)1 = 0.050 

wRiF 1 )^ 0.109 

5=0.93 

5112 reflections 

377 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z = 1 

7^(000) = 604 

D x = 1.473 Mgirr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4215 reflections 

(9 = 2.7-24.8° 

fi = 1.12 mnT 1 

7=293 K 

Needle-shaped, red 

0.50 x 0.40 x 0.20 mm 



8613 measured reflections 
5112 independent reflections 
3 100 reflections with I > 2a(T) 
R mt = 0.048 

6 max = 26.0°, 0 mm = 2.9° 
h = -8—9 
£ = -16—16 
/ = -18— 15 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[cj 2 (F 0 2 ) + (0.0468P) 2 ] 

where P = (F 2 + 2F 2 )I?> 
(A/cr) max = 0.001 
A/w = 0.38 e A~ 3 
Ap min = -0.31 e A -3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x y z_ U lso */U eq Occ. (<1) 

Cul 0.24477 (7) 0.18237 (4) 0.30785 (3) 0.04709(18) 

Fel 0.9747 (13) 0.5030 (13) 0.0033 (11) 0.0423 (14) 0.50 

Nl 0.3564(4) 0.2540 (2) 0.2232 (2) 0.0377 (7) 
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A AOO * 




tjo on 


a moo 
—0.0 /ye 


O.J /OB 


(1 11 Q'-> 

0.3182 


A AQO* 




I I "1 r>/~< 

HzoC 


A 1 A A -1 

—0.2404 


a Tn o 
0.2 115 


0.293 / 








1 A1 /in /c\ 
1.0149 (5) 


0.4533 (3) 


A 1 A£A f1\ 

0.1060 (3) 


A A/1 A £ (Ci\ 

U.0446 (y) 




Ni 


1.02/1 (5) 


0.4286 (3) 


0.16/ / (3) 


A A /CI 1 /1 A\ 

O.Ooil (1UJ 




C3U 


1 1 OAA /£\ 

1.1 oOy (o) 


0.o3y/ (3) 


0.0y2o (3 ) 


A A A a n /OA 
U.U44U (V) 




N6 


1.2879 (5) 


0.7213 (3) 


0.1470 (3) 


0.0626(10) 




C31 


0.812(5) 


0.559 (2) 


0.036 (2) 


0.070 (5) 


0.50 


N7 


0.681 (4) 


0.603 (2) 


0.0546 (17) 


0.070 (5) 


0.50 


N8 


0.805 (3) 


0.5579 (11) 


0.0446 (12) 


0.026 (3) 


0.50 


01 


0.688 (3) 


0.5921 (16) 


0.0752(11) 


0.055 (3) 


0.50 



Atomic displacement parameters (A 2 ) 





U n 


JJ12 


IP 


U n 




IP 


Cul 


0.0659 (3) 


0.0491 (3) 


0.0278 (3) 


0.0167 (2) 


0.0157(2) 


0.0169 (2) 


Fel 


0.057 (4) 


0.0453 (14) 


0.0274(15) 


0.012(3) 


0.009 (3) 


0.0199(12) 


Nl 


0.0449(17) 


0.0362 (18) 


0.0314(17) 


0.0069 (14) 


0.0073 (14) 


0.0166(14) 


N2 


0.0400(16) 


0.0401 (18) 


0.0323 (17) 


0.0114(14) 


0.0067 (14) 


0.0176(14) 


N3 


0.0423 (16) 


0.0398 (18) 


0.0323 (17) 


0.0120(15) 


0.0089 (15) 


0.0162 (14) 


N4 


0.0433 (17) 


0.0362 (17) 


0.0302 (17) 


0.0064(14) 


0.0041 (15) 


0.0143 (14) 


CI 


0.047 (2) 


0.045 (2) 


0.045 (2) 


0.0067 (19) 


0.006 (2) 


0.0210(19) 


C2 


0.059 (2) 


0.046 (3) 


0.064 (3) 


0.005 (2) 


0.015 (2) 


0.032 (2) 


C3 


0.056 (2) 


0.065 (3) 


0.053 (3) 


0.009 (2) 


0.019(2) 


0.038 (2) 


C4 


0.0384(19) 


0.057 (3) 


0.034 (2) 


0.0162(19) 


0.0086 (18) 


0.0255 (19) 


C5 


0.0341 (18) 


0.043 (2) 


0.0300 (19) 


0.0145 (17) 


0.0068 (16) 


0.0184(17) 


C6 


0.0358 (18) 


0.040 (2) 


0.0295 (19) 


0.0158 (17) 


0.0084 (17) 


0.0175 (16) 


C7 


0.0377 (19) 


0.048 (2) 


0.030 (2) 


0.0209 (18) 


0.0048 (17) 


0.0153 (17) 


C8 


0.050 (2) 


0.063 (3) 


0.027 (2) 


0.017 (2) 


0.0100(19) 


0.0155 (19) 


C9 


0.046 (2) 


0.080 (3) 


0.031 (2) 


0.022 (2) 


0.0159(19) 


0.030 (2) 


C10 


0.047 (2) 


0.048 (3) 


0.036 (2) 


0.020 (2) 


0.0036 (19) 


0.0117(19) 


Cll 


0.045 (2) 


0.037 (2) 


0.053 (3) 


0.0118(18) 


0.004 (2) 


0.017 (2) 


C12 


0.042 (2) 


0.039 (2) 


0.039 (2) 


0.0130(18) 


0.0068 (18) 


0.0210(18) 


C13 


0.081 (3) 


0.043 (3) 


0.058 (3) 


0.010(2) 


0.013 (3) 


0.013 (2) 


C14 


0.067 (3) 


0.048 (3) 


0.061 (3) 


0.015 (2) 


0.022 (2) 


0.031 (2) 


C15 


0.049 (2) 


0.045 (2) 


0.042 (2) 


0.005 (2) 


0.001 (2) 


0.024 (2) 


C16 


0.054 (2) 


0.055 (3) 


0.058 (3) 


0.017 (2) 


0.003 (2) 


0.029 (2) 


C17 


0.067 (3) 


0.055 (3) 


0.041 (3) 


0.008 (2) 


-0.005 (2) 


0.027 (2) 


C18 


0.058 (2) 


0.041 (2) 


0.033 (2) 


0.006 (2) 


0.004 (2) 


0.0179(18) 


C19 


0.052 (2) 


0.034 (2) 


0.029 (2) 


0.0044(18) 


0.0058 (18) 


0.0152(16) 


C20 


0.047 (2) 


0.033 (2) 


0.0260 (19) 


0.0058 (17) 


0.0075 (18) 


0.0142(16) 


C21 


0.053 (2) 


0.039 (2) 


0.031 (2) 


0.0065 (19) 


0.0102(19) 


0.0147(17) 


C22 


0.072 (3) 


0.054 (3) 


0.026 (2) 


0.009 (2) 


0.014(2) 


0.0142 (19) 


C23 


0.080 (3) 


0.053 (3) 


0.026 (2) 


0.009 (2) 


0.006 (2) 


0.0180(19) 


C24 


0.064 (3) 


0.050 (3) 


0.035 (2) 


0.013 (2) 


0.022 (2) 


0.0115 (19) 


C25 


0.058 (2) 


0.050 (3) 


0.050 (3) 


0.023 (2) 


0.017 (2) 


0.020 (2) 
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Czo 


a a/i /; /oa 
U.U4o (z ) 


A A/1 A /OA 

0.U4U (2) 


A fllO /OA 

U.U3V y2) 


A AAO/; ( "\ OA 

U.UUvo {iy) 


A AAQ£ /1 OA 

U.UUoo yly) 


A A 1 Cil /1 OA 


Cz / 


A (\tZH /1\ 

U.Uo/ (3) 


a rnn /o\ 
O.U /0 (j) 


A AjCA /1A 

O.OoO (J) 


A A') 1 /OA 

U.UjI (Z) 


A AO*7 /OA 

U.Uz / (2) 


A AOO /OA 

O.UJz (2) 


Czo 


A A/TO /OA 

U.UoZ (z) 


a n/c /"J\ 

U.Uo3 (j) 


A A/1 1 /OA 

U.U41 (z) 


A AO A /OA 

U.0Z4 (Z) 


A AAA /OA 

u.ooy (z) 


A AO/^ /OA 

O.Uzo (2) 


Cz^ 


A A^^ /OA 

U.Ujj y2) 


A A/1 ^ /'OA 

U.U4Z) (ZJ 


A 017 /OA 

U.U J / (zj 


AA1*71 /1 OA 

U.U1 / 1 \Vy) 


ArtlC /OA 

U.UIj (Zj 


A A 1 /1QA 

U.U153 yiy) 


JND 


A HOI /^A 


A AAT /"2A 

U.Uo / (j) 


A A/1 /I /OA 

U.U44 (ZJ 


A AO O /OA 

U.Uzo y2) 


A AOA /OA 

U.UZU (Z) 


A A'l AH ( \ OA 




u.Wjo ^z ^ 


0 048 P^ 
W.WH-o yj ) 


n n^n f9^ 


0 0? 1 PA 

U.UZ 1 ^Z J 


U.UU7 ^Z J 


0 099? (\ Q\ 
u. wzzz ^ i 


N6 


0.069 (2) 


0.062 (3) 


0.052 (2) 


0.016(2) 


-0.003 (2) 


0.025 (2) 


C31 


0.087 (9) 


0.109 (9) 


0.050 (8) 


0.044 (7) 


0.017 (7) 


0.061 (7) 


N7 


0.087 (9) 


0.109 (9) 


0.050 (8) 


0.044 (7) 


0.017 (7) 


0.061 (7) 


N8 


0.039 (5) 


0.022 (4) 


0.011 (5) 


0.012 (4) 


0.009 (4) 


-0.001 (4) 


01 


0.082 (6) 


0.087 (7) 


0.027 (5) 


0.057 (5) 


0.026 (5) 


0.036 (5) 



Geometric parameters (A, ") 



Pnl xjo 
V LI 1 1NZ 


O (\1,A /TA 


fi a T_T1 -i A 


w.youu 


Pn 1 xtzl 

11 1 IN 4 


9 (M.Q CX} 
Z.UjV {j ) 


C 1 ^ 1-T1 


A QAAA 


^ LI 1 IN 1 


J yj ) 


i J — nuL/ 


\J.y\j\J\J 


V LI 1 IN J 


9 070 (X\ 
z.u / y \j ) 




w.youu 


U 0 1 PV1i 

rci — r c i 


(\ A\ C\ (\ ^A 




a o/;nn 


P^1 


1 /'J.^ 
l.JO ) 


p 1 A T-T1 /IP 


a o/;nn 


P>1 "MS 
rci — in o 


1 ^9S ^1 


V. 1 J — V_ 1 o 


1 ^09 

1 . J"Z ^ 


rei — lju 




P1^ P97 


1 d8d 

1 .H-oH- V^Z> ) 


T7 P 1 P^1i 


i .yu yn ) 


C\fk CM 


1 ^7^ ^(^^ 

i .j i j yo) 


P9Q 


i .yo i ^ i o) 


C\ fi 141 ^ 


A Q1AA 


Pp1 P9Q' 


L ,yo L yiO) 


n 7 pi s 




p^n 


1 .yyo y 1 


P1 7 141 7 
V 1 / — til / 


a oinn 


rci — IN o 


9 ^9^ 

Z.Uj ^Z ) 


P1 8 P1 Q 


L .H-UH- V^Z> 1 


xn pi 

IN 1 


1 ^41 ^ 
1J41 yn i 


P18 P9^ 


1 Al* /^A 

i .h- jj y j ) 


KTi ps 

IN 1 v J 


l.D /V y-r ) 


P1Q P90 




>J9 P1 9 

IN Z v I Z 




f 90 P91 

V zw — V^.Z 1 


1 ^88 (^\ 
L . j oo ^3 J 


XJ9 f A 

1NZ, V U 


1 ^79 (A\ 
l.j/z. y-r j 


P91 P94 


1 d1 0 ($\ 


N3— CI 5 


1.324 (5) 


C21— C22 


1.416(5) 


N3— C19 


1.379 (4) 


C22— C23 


1.360 (6) 


N4— C26 


1.334 (4) 


C22— H22 


0.9300 


N4— C20 


1.380 (4) 


C23— H23 


0.9300 


CI— C2 


1.404 (5) 


C24— C25 


1.358 (5) 


CI— C13 


1.497 (5) 


C24— H24 


0.9300 


C2— C3 


1.351 (5) 


C25— C26 


1.401 (5) 


C2— H2 


0.9300 


C25— H25 


0.9300 


C3— C4 


1.409 (5) 


C26— C28 


1.502 (5) 


C3— H3 


0.9300 


C27— H27A 


0.9600 


C4— C5 


1.399 (5) 


C27— H27B 


0.9600 


C4— C9 


1.421 (5) 


C27— H27C 


0.9600 


C5— C6 


1.439 (5) 


C28— H28A 


0.9600 


C6— C7 


1.403 (5) 


C28— H28B 


0.9600 


C7— C10 


1.397 (5) 


C28— H28C 


0.9600 


C7— C8 


1.425 (5) 


C29— N5 


1.120 (4) 


C8— C9 


1.346 (5) 


C29— Fel' 


1.981 (16) 


C8— H8 


0.9300 


C30— N6 


1.140 (5) 


C9— H9 


0.9300 


C30— Fel 1 


1.908 (15) 
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CIO— Cll 


1.354 (5) 


C31— N7 


1.23 (5) 


CIO— HIO 


0.9300 


C31— Fel 1 


1.96 (4) 


Cll— C12 


1.410(5) 


N8— 01 


1.11 (3) 


Cll— Hll 


0.9300 


N8— Fel 1 


2.03 (2) 


C12— C14 


1.507 (5) 






N2— Oil— N4 


135.31 (11) 


C8— C9— H9 


119.6 


N2— Oil— Nl 


82.52 (12) 


C4— C9— H9 


119.6 


N4— Oil— Nl 


121.22 (12) 


Cll— C10— C7 


120.1 (4) 


N2— Cul— N3 


114.85 (12) 


Cll— C10— H10 


120.0 


N4— Cul— N3 


82.49 (12) 


C7— C10— H10 


120.0 


Nl— Cul— N3 


126.67(11) 


CIO— Cll— C12 


120.4 (4) 


Fel'— Fel— C31 


165 (5) 


CIO— Cll— Hll 


119.8 


Fel 1 — Fel— N8 


166 (5) 


C12— Cll— Hll 


119.8 


C31— Fel— N8 


4.6 (19) 


N2— CI 2— Cll 


121.3 (3) 


Fel 1 — Fel— C30' 


97 (4) 


N2— C12— C14 


117.4 (3) 


C31— Fel— C30' 


96.8 (11) 


Cll— C12— C14 


121.3 (3) 


N8— Fel— C30' 


96.8 (7) 


CI— C13— H13A 


109.5 


FeP— Fel— C31' 


12 (4) 


CI— C13— H13B 


109.5 


C31— Fel— C31 1 


176.8 (10) 


H13A— CI 3— H13B 


109.5 


N8— Fel— C31 1 


175.8 (18) 


CI— C13— H13C 


109.5 


C30 1 — Fel— C31' 


86.0 (10) 


H13A— C13— H13C 


109.5 


Fel 1 — Fel— C29 


87 (4) 


H13B— C13— H13C 


109.5 


C31— Fel— C29 


99.8 (13) 


C12— C14— H14A 


109.5 


N8— Fel— C29 


95.2 (10) 


C12— C14— H14B 


109.5 


C30 1 — Fel— C29 


93.0 (7) 


H14A— C14— H14B 


109.5 


C31 1 — Fel— C29 


81.6(11) 


C12— C14— H14C 


109.5 


Fel'— Fel— C29' 


81 (4) 


H14A— C14— H14C 


109.5 


C31— Fel— C29 1 


91.8 (14) 


H14B— C14— H14C 


109.5 


N8— Fel— C29 1 


96.4 (10) 


N3— CI 5— C16 


121.8 (4) 


C30 1 — Fel— C29 1 


88.4 (6) 


N3— CI 5— C27 


116.8 (3) 


C31 1 — Fel— C29 1 


86.7(11) 


CI 6— CI 5— C27 


121.3 (4) 


C29— Fel— C29' 


168.1 (5) 


C17— C16— C15 


120.5 (4) 


Fel'— Fel— C30 


72 (4) 


C17— C16— H16 


119.8 


C31— Fel— C30 


94.9 (12) 


CI 5— CI 6— HI 6 


119.8 


N8— Fel— C30 


94.9 (9) 


C16— C17— C18 


119.5 (4) 


C30 1 — Fel— C30 


168.2 (5) 


C16— C17— H17 


120.3 


C31 1 — Fel— C30 


82.3 (9) 


C18— C17— H17 


120.3 


C29— Fel— C30 


86.5 (6) 


C17— C18— C19 


117.0(3) 


C29 1 — Fel— C30 


89.7 (6) 


CI 7— CI 8— C23 


123.4(4) 


Fel 1 — Fel— N8' 


11 (4) 


CI 9— CI 8— C23 


119.6(4) 


C31— Fel— N8' 


174.2 (19) 


N3— CI 9— C18 


122.7 (3) 


N8— Fel— N8 1 


177.2(10) 


N3— CI 9— C20 


118.5 (3) 


C30 1 — Fel— N8' 


85.9 (6) 


CI 8— CI 9— C20 


118.8(3) 


C31 1 — Fel— N8 1 


3.6(15) 


N4— C20— C21 


123.7 (3) 


C29— Fel— N8' 


85.2 (8) 


N4— C20— C19 


116.3 (3) 


C29 1 — Fel— N8' 


83.1 (7) 


C21— C20— C19 


120.1 (3) 


C30— Fel— N8 1 


82.4 (5) 


C20— C21— C24 


117.1 (4) 


CI— Nl— C5 


118.1 (3) 


C20— C21— C22 


120.0 (4) 



Acta Cryst. (2013). E69, m684-m685 



sup-7 



supplementary materials 



p 1 XT 1 /"I, . 1 

LI — N 1 — Cul 


1 1 A O /1\ 

130.8 (2) 




p 1 /I PI 1 PH 

C24 — C2 1 — C2Z 




111 A / A \ 

122.9 (4) 


f • r XT 1 P 1 

C5 — Nl — Cul 


111.1 (2) 




P11 P11 PI 1 

C23 — C22 — C2 1 




1 1 A A / A \ 

120.9 (4) 


nio XT1 /" / 

C12 — JNz — Co 


118.1 (3) 




P1 1 PI 1 TT11 

C23 — C22 — H22 




1 1 A / 

119.6 


xti /"i,, 1 

C12 — N2 — Cul 


130.3 (2) 




ni pii Tni 

C2 1 — C22 — HZZ 




nn / 
119.6 


p / XTI Z" 1 ,, 1 

Co — N2 — Cul 


111 C /1\ 

111.5 (2) 




P1 1 P11 P10 

C22 — C23 — C 1 o 




1 1 A ZT //I \ 

120.6 (4) 


pi c XT'? pin 

C15 — N3 — C19 


1 1 O C /I \ 

118.5 (3) 




P1 1 P11 TT11 

C22 — C23 — H23 




1 1 A *7 

119.7 


P1 C XT') P 1 

C15 — N3 — Cul 


131.4 (3) 




PIO P11 TTT) 

CI 8 — C23 — H23 




1 1 A T 

119.7 


pi r\ XTO f ' 1 

C19 — N3 — Cul 


HO.l (2) 




PIC PI/1 PI 1 

C25 — C24 — C2 1 




1 1 A >1 / /I \ 

119.4 (4) 


PI / XT.4 Pin 

Czo — N4 — C2U 


1 1 T A S1\ 

117.4 (3) 




PIC PI A TT1/1 

C25 — C24 — H24 




1 1A "5 

120.3 


p 1 / XT/1 P . . 1 

C26 — N4 — Cul 


1 1 A A /1\ 

130.0 (2) 




p 1 1 pi /] TT1/1 

C2 1 — C24 — HZ4 




1 1A j* 

120.3 


pia XT/i p 1 

C20 — N4 — Cul 


11/)/ /1\ 

112.6 (2) 




PI /I PIC pi r~ 

L24 — C25 — C26 




1 1 A C / /I \ 

120.5 (4) 


XT 1 P 1 PI 

Nl — CI — C2 


1 1 1 A / /I \ 

121.0 (4) 




P1-1 PIC TT1C 

C24 — C25 — H25 




119.7 


XT 1 p 1 P 1 1 

Nl — CI — C13 


117.3 (3) 




PI/ PIC TT1C 

C2o — C25 — HZ5 




1 1 A *7 

119.7 


PI P 1 p 1 1 

C2 — CI — C13 


111 *7 / >| \ 

121.7 (4) 




XT/1 PI/" PIC 

N4 — C26 — C25 




111 A / A \ 

121.9 (4) 


P 1 PI P 1 

C3 — C2 — CI 


121.1 (4) 




\T /| PI/" PIO 

N4 — C26 — C28 




1 1 7.5 (3) 


pi pi in 

C3 — C2 — H2 


119.5 




PIC PI/" PIO 

C25 — C26 — C28 




120.6 (4) 


p i PI T T1 

CI — Cz — HZ 


1 1 A C 

119.5 




p i c pn un a 

C 1 5 — C27 — H27 A 




1 AA C 

109.5 


pi p -> p /i 
C2 — C3 — C4 


1 1 A A S A \ 

119.4 (4) 




pi c pn i m r> 

C15 — C27 — H27B 




1 AA C 

109.5 


PI PI TT") 

C2 — C3 — H3 


120.3 




H27A — C27 — H27B 




109.5 


p A PI TT") 

C4 — C3 — H3 


120.3 




c ' i c pn iii ~7P 

C15 — C27 — H27C 




1 AA C 

109.5 


C5 — C4 — C3 


117.0 (3) 




TTn A p 1 "7 [11 ~7P 

H27A — C27 — H27C 




1 An c 

109.5 


f ' r p /i pr\ 

C5 — C4 — C9 


1 1 A C S A \ 

119.5 (4) 




t i-> -in pn TTnp 

H27B — C27 — H27C 




1 AA C 

109.5 


p *) p /i pa 

C3 — C4 — C9 


123.5 (4) 




PI/" PIO TTIO A 

C26 — C28 — H28A 




109.5 


XT 1 p C P /I 

N 1 — C5 — C4 


1 T) 1 /")\ 

123.2 (3) 




C26 — C28 — H28B 




1 AA C 

109.5 


xti r~*z t~*c 
N 1 — C5 — Co 


117.1 (3) 




LJOO A Pi O TJOOD 

HZoA — CZo — HZoB 




1 AO C 

1U9.5 


P A P C P /" 

C4 — C5 — Co 


1 1 A "7 /") \ 

119.7 (3) 




P 1 f PI O T T1 OP 

C26 — C28 — H28C 




109.5 


XT') P/" P*7 

N2 — Co — C7 


123.2 (3) 




TTIO A PIO TTIOP 

H28A — C28 — H28C 




109.5 


XT') p /_ PC 

N2 — Co — C5 


i n x /i \ 

117.4 (3) 




TTOOT) PIO TTTOr 1 

H28B — C28 — H28C 




1 AA C 

109.5 


C7 — Co — C5 


119.4 (3) 




XTC P1f\ T7~1 

N5 — C29 — rel 




174.5 (4) 


p 1 rv P*7 P /" 

CIO — C7 — Co 


116.9 (3) 




XTC P1A T 1 1 i 

N5 — C29 — FeP 




1*71 1 /C\ 

173.2 (5) 








in o — \^ j v — r c i 




1 l J.O J 


C6— C7— C8 


119.0(3) 




N6— C30— Fel 
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Hydrogen-bond geometry (A, °) 
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Symmetry code: (ii) -x+2, -y+\, -z+1. 
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